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Abstract 
In an attempt to add empirical support to the idea that spon-
taneous alternation is a form of exploratory behavior, 32 male albino 
rats about 160 days old were tested. Each animal experienced six 
alternation trials and a three-minute exploration trial on each of ~~ 
' . 
,• 
six consecutive days. Fdr ten days prior to testing, the rats were 
kept in a colony room on an LD12:12 schedule. This procedure was de-
.signed to establish the circadian activity rythym of the subjects at 
a known cycle. Before testing, the animals were divided into two 
groups of equal size. One group (LCA) was run during the low period 
of their circadian arousal, while the other (HCA) was tested during 
their high period. Both groups were also divided into two equal-
size subgroups. One subgroup always got the alternation trials first, 
and the other subgroup always did the exploration trial first. 
Results supported the prediction that the HCA rats would explore 
more than the LCA subject, but did not confirm the prediction of a 
higher rate of alternation for the HCA animals. However, the HCA 
group achieved higher scores than the LCA group on every measure 
taken. The results are interpreted as supporting the idea that 
spontaneous alternation is a special case of exploratory behavior. 
It is suggested that more research be focused on establishing fur-
ther parallels between alternation and expl-oration. 
1 
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If a rat enters a given arm of a T-maze on a trial, the prob-
ability that it will enter the opposite arm on the following 
trial is greater than the chance expectation of .50. This 
behavior, called spontaneous alternation, is peculiarly resistant 
to the usual effects of reinforcement. For example, ordinary 
learning theory predicts that if a rat finds reinforcement in one 
arm of a T-maze, the probability that it will enter that same arm 
on the next trial will be increased. In a review of spontaneous 
alternation literature, Dember & Fowler (1958) cite several 
studies which show that this is not the case. If rats are forced • 
to enter the rewarded side on several successive trials, they 
choose the opposite side when allowed a free-choice trial 
(Zeaman & House, 1951). 
Most of the early research in this area concentrated on try-
ing to isolate environmental factors which could be shown to have 
an effect on alternation. One investigator suggested that spon-
taneous alternation is a manifestation of exploratory behavior. 
In a series of experiments, Montgomery (1951, 1952a, 1952b) dem-
onstrated that during locomotor exploration rats systematically 
alternated their location in a maze by going to the least-
recently visited place. Montgomery took this result to be evi-
dence that spontaneous alternation is a special case of explor-
atory behavior. A later study by Dember (1956) demonstrated that 
if rats are run to the choice point of a T-maze having arms of 
;, 
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different brightnesses and prevented from entering the arms by 
clear glass partitions, on the following trial (before which one 
of the arms is changed in brtghtness and the partitions removed) 
they will reliably enter whichever arm is changed. This result 
can also be regarded as supporting the idea that alternation is 
a form of exploratory behavior. 
The studies which focused on isolating the variables affect-
ing alternation have generally concluded that visual cues are 
not important (Dember, 1959; Douglas, 1966; Rosen & Stein, 1969). 
In an exploration experiment in which several non-locomotor 
measures (such as latency to leave the starting area) were taken 
along with the usual locomotor measure, Glickman (1958) showed 
that blinded rats explore more than normal rats. This result 
strengthens the parallel between alternation and exploration by 
suggesting that visual cues are not necessary to either behavior. 
The idea that spontaneous alternation is a special case 
of exploratory behavior is important, because if it can be made ~ 
plausible by~several researchers using different techniques, 
the results of experiments in exploration and the theories of 
exploratory behavior can be brought to bear on the unexplained 
findings of alternation experiments. For example, experiments 
investigating the effects of reward and magnitude of reward 
have produced conflicting results (Fujita, 196l;Spear, Hill, & 
O'Sullivan, 1963; Kay & Richter, 1973; Richter, Kay, Sanders, 
3 
.,. p 
Sotzing, & Manville, 1973; Seech, 1973). Such conflicts across 
studies might be explained by reference to studies of explor-
ation~ One such study by Zimbardo & Montgomery (l957) showed 
that food-deprived or water-deprived rats would decrease their 
locomotor exploration of a checkerboard maze if food or water 
were available, but the presence of food or water in the maze 
did not eliminate the exploration. A different kind of experiment 
which produced results consonant with those of Zimbardo & Mont-
gomery (1957) was done by Chance & Mead (1955). These investi-
(, gators found that changes to the physical features of the home 
cages of deprived rats was reliably associated with decreased in-
gestion rates and increased latencies to begin feeding~ as compared 
to controls. These results suggest that if alternation is indeed 
exploration, reward magnitude should be expected to affect 
alternation only to a limited degree. The opposing effects found 
across different studies of reward magnitude might be interpreted 
by reference to a strong response competition produced by the op-
portunity to eat or drink on one hand, and the opportunity to 
explore on the other. The behavior actually performed by the an-
imal might then be seen to be influenced by the variables that 
affect exploration as well as those that affect eating or drinking. 
In alternation studies that manipulate reward, variables affecting 
exploration typically have not been considered important factors in 
the behavior of the subject; and it is differences in these vari-
4 
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ables that may account for the varying effects of reward across 
experiments. In order to invoke such explanations, however, it 
must be convincingly demonstrated that spontaneous alternation is 
a form of exploratory behavior. 
The present study investigated the nature of the relation-
ship between alternation and exploration by examining the effect 
of circadian arousal rythYID of rats on both behaviors. Two 
non-locomotor and one locomotor measure .of exploration were 
collected for a group of rats, along with a measure of spontaneous 
alternation taken in the same session on the same rats. Since 
File & Day (1972) had shown that exploration scores are signif, ..... 
icantly affected by time of day of testing., the assumption 
that alternation is a form of exploration led to the prediction 
of a significant effect of testing hour on alternation. Further., 
such an assumption predicited higher exploration and alternation ..... 
scores from tests done around the peak of the circadian arousal 
cycle than those conducted around the low point of the cycle. 
The present experiment tested these specific predictions., with 
the purpose of providing further empirical justification for 
making use of the theory and data of exploratory behavior in 
<, 
explaining spontaneous alternation behavior. The importance of 
attempting this justification was well stated by Dembei~ & Fowler 
(1958): 
5 
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From the point of view of the learning theor-ist, then, alternation behavior presents a serious problem. An equally difficult problem exists for the alternation theorist. f!Why reinforcement disrupts the alternation pattern" is, for the latter, as crucial an issue as "why reinforced 
responses are alternated" is for the former. The solution of either version of the problem 
shoulq~ contribute to the enriclunent of behavior theory in general. (p. 426) 
Method 
Subjects 
Thirty-two male albino rats between 140 and 150 days old were 
obtained from a commercial supplier. They were housed individually 
in wire-mesh cages located in a colony room kept between 70 and 74° 
Fahrenheit. The colony room light was controlled automatically 
by a timing switch to provide an LD12:12 cycle. The switch was 
" set t.o turn the lights on at 01:00 and off at 13:00, so the ex-
tremes of the circadian activity cycle of the animals occurred 
around the chosen testing times (Hunt & Schlosberg, 1939). 
Electronically-generated masking noise was constantly present in 
the colony room. 
Apparatus 
-
To quantify alternation behavior, the E-maze used by Kay & 
Richter (1973) was employed. The maze was constructed of white 
pine, with walls 4 in. high, and covered by hinged clear Plexi-
glas. The starting alley (center stem) and both choice stems 
were 19 in. long, while the tranverse arms (choice arms) were 
6 
-each 12 long measured from the outer wall of. the starting 
• in. 
alley. All alleys were 2.5 in. wide, while the start box and 
both goal boxes were 4 in.- wide and 13 in. long. Guillotine r 
doors were located at the exit from the start box, at the entrance 
to the choice point, at the entrance to each choice arm, and at 
the entrance to each goal box. The interior of the maze was 
painted a flat medium shade of gray. After running a pilot animal, 
it was decided to modify the maze by blocking the entrance to 
each choice stem; effectively converting the maze to a T-maze. 
To measure exploration, an exploration box similar to that 
used by File & Day (1972) was constructed from plywood. The floor 
was 27 in. square, with a 1.5 • in. diameter hole cut in the center 
of each of the nine blocks formed by dividing the floor into 
9 in. squares. To prevent the subjects from leaving the box through 
these holes, a subfloor consisting of a sheet of plywood was in-
stalled 1 in. below the main floor. The subfloor was designed 
to slide out for cleaning. The walls were made 12 in. high so 
no cover was needed on the box. The interior of the box and the 
subfloor was painted the same medium gray as the maze . 
.An experimenter's control panel consisting of a 3 x 3 matrix 
of normally-open·: spring-loaded pushbuttons was constructed. Each 
button corresponded to one floor-hole of the exploration box; and 
was wired to a ploygraph set_up to act as a multichannel event 
7 
0. 
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recorderl. When the experimenter saw the rat's nose disappear 
into a floor-hole, he pressed the button corresponding to that 
hole and held it down until the nose reappeared. When a circuit 
was closed by a button-press, one of the pens on the polygraph 
deflected to a position indicating the particular floor-hole, 
where it remained until the button was released. A tenth button 
on the control panel started an electronic interval timer which 
was used to time the duration of the box trials. At the end of 
the preset duration, the timer actuated a counter located near 
the exploration box. The counter produced an audible click that 
signalled the end of the box trial. A third pen on the polygraph 
was driven by a built-in timer, :producing a time scale on the 
record. This arrangement made possible a semiautomatic record 
of the number, duration, and sequence of head-dips throughout an 
exploration trial. This analog tracing was later converted to dig-
ital data for analysis. 
Both the maze and the box were placed on a table in a test 
room located directly across from the colony room. The test room 
1The help of Professor George Shortess, who suggested the use of t~e polygraph; and Joel Wiesen, who gave advice on building the necessary resistor network, is gratefully acknowledged. The push-buttons were suggested by Professor Martin Richter as an alterna~ tive to the original proposal to use a network of photosensors . 
.. 
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was illuminated by an unfrosted 7.5 w. incandescent lamp 
mounted 18 in. above the choice point of the maze, and by another 
such lamp mounted 18 in. above the center of the box. Black 
cloth curtains were hung on all four sides of the box and on the 
back and sides of the maze. A small observation hole was cut in 
the curtain at the rear of the box. Masking noise was electroni-
cally generated in the test room. The polygraph was located in 
one corner of the room, while the programming equipment for the 
end signal remained outside the room. 
Procedure 
The 32 subjects were haphazardly divided into two groups of 
equal size. One group was designated High Circadian Arousal (HCA) 
and was tested beginning at 17:00 each day. The other group was 
called Low Circadian Arousal (LCA). This group was tested begin-
ning at 05:00 each day except Day 4, when it was inadvertently 
started at 06:25. Planned comparisons revealed no differences on 
any measure between Day 4 and the mean of the other five days. 
Beginning the day after receiving the animals and continuing 
for 10 consecutive days, every rat in each group was handled once 
a day. The handling of a group was begun about 3 hrs. later than 
the designated testing time for the group, in order to keep the 
maintenance hour as constant as possible throughout the experiment. 
Handling consisted of lifting the subject from its cage and stroking 
it from its head back along its body for about 15 sec. as it sat on 
.. 9 
the experimenter's arm. After the last rat of a group.had been 
handled, all animals of that group only had their food and water 
replenished and their cages cleaned as needed. To minimize disrup-
tion of the lighting cycle, the handling and maintenance of the HCA 
group was always done under the low level of illumination provided 
by a 25 w. red incandescent lamp. 
~-
After 10 days, the circadian arousal rythym of the rats was 
stablilized about the imposed LD12:12 lighting cycle (Hunt & 
Schlosberg, 1939). On the eleventh day following the receipt of 
the animals, testing was begun. Each of the 32 subjects was given 
six sessions of the experimental procedure; one per day for six 
consecutive days. A session consisted of one three-minute box 
trial and six maze trials. I~tertrial intervals were generally 
constant at about 10 sec., during which the rat was held on the 
experimenter's arm. A box trial began when the experimenter plac-
ed the subject in the nearest (front) left corner of the exploration 
box. The experimenter then moved to the observation hole in the 
curtain and started the interval timer by pressing the appropriate 
button on the cont-rol :panel. He then recorded the head-dips of the 
animal by use of the control panel buttons that activated the 
pens on the polygraph. After three minutes had passed, the inter-
val timer caused the counter in the test room to click. At this 
signal, the rat was removed from the box. 
A maze trial began with placing the subject in the start box 
10 
of the maze, and ended as soon as a choice was made. Doors were 
lowered behind the rat to prevent retracing. A choice was record-
ed by the experimenter as "L" or rrR" depending on the goal arm 
. 
entered by the animal. A goal arm was deemed entered if the 
subject placed both front paws into the arm. 
At the conclusion of the six maze trials and the one box 
trial, the rat was returned to its home cage and the apparatus was 
prepared for the next animal. When all i6 subjects of a group 
had been run, all rats in that group only were fed, their 
cages cleaned, and their water replenished as previously 
described. 
Prior to the first day of testing, each of the two groups 
was haphazardly divided into two equal-size subgroups designated 
Order 1 and Order 2. The Order 1 subjects always got the box 
trial before the maze trials, while the Order 2 rats always had 
the maze trials first. This procedure was adopted to allow 
statistical detection of a possible order effect in the data. 
Results 
From the analog record provided by the polygraph, three 
exploration scores for each subject per session were extracted: 
Number of Head-dips ( a measure of "investigatory explorationrr), 
Number of Different Holes Dipped (a locomotor measure in which 
a hole is deemed different if it is not the most recently dipped), 
11 
and Average Duration of a Head-dip (another rrinvestigative ex-
ploration" measure). The alternation data sheets :provided a 
count of the number of alternations done by each animal during 
each six-trial session. These counts were divided by five to 
yield Proportion of Alternation. 
Prior to doing analyses of variance J Hartley's test for 
homogeneity of variance (WinerJ 1971J pp.205-208) was done on 
the variances of the _data in the Day-Group-Order cells. Hartley's 
test was also used to assess the homogeneity of the variances 
across the Group-Order cells of the design. ThusJ both sources 
of error variance in the design1~were subjected to tests for homo-
geneity. The tests were performed on all four measures used in 
the present study; also on two transformations (V X+.5 and 
ln(X+l) ) of each measure. A third transformation (2sin-1«flc 
with the correction 2sin-1'V'x+.l at the end points) was applied 
to Proportion of Alternation, and the result was also subjected 
to the homogeneity of variance tests. The transformations were 
suggested by Winer (1971) as likely to stabilize error variance. 
When the tests were completedJ the scale of measurement for each 
' of the four variables was selected by noting which transformation 
resulted in the best homogeneity of both error variances simul-
taneously, as indicated by the F ratios in Table 1. This pro-
. max 
cedure resulted in the selection of the logarithmic transformation 
' . 12 
for all three exploration measures) while no transformation was 
selected for Proportion of Alternation. 
Although the analyses of variance were performed using the 
transformed scales for the exploration data, the measures quoted 
in the present paper will be in the,original units. It is be-
lieved that this will avoid unnecessary obscurity without sacri-
ficing meaningful information. The means of the raw scores and 
the means of the transformed scores are listed in Table 2. 
A four-way mixed-effects analysis of variance was done on each 
of the three exploration measures, and on the alternation scores. 
Each analysis assessed the effect of the two levels of Circadian 
Arousal, the two Orders of Testing, and the six Days; along with 
the interactions of these factors. The fourth variable in each 
analysis was Subjects, a random factor nested under both Arousal 
and Order. The analysis of variance s1Jmmary tables are shown in 
Table 3. 
A significant Circadian Arousal effect was found only on one 
measure: Number of Head-dips (F=4.334, df=l/28, p ~ .05). The 
HCA group dipped an average of 9.40 times per three-minute box 
trial, while the average for the LCA group was only 7.22. 
Although this was the only statistically significant effect of 
Circadian Arousal, the direction of the difference between the 
means of the HCA animals and the LCA animals was the same in· all 
measures, including Proportion of Alternation (see.Table 3). 
13 
The variable that showed the most pervasive effect was Days· . 
.. Number of Head-dips declined steadily; from an average o:f 9.97 
dips per trial on Day 1 to 6. 56 on ·Day 6 (F=3. 598, df=5/l40, 
p L .005). Number of Different Holes Dipped also declined consis-
tently over Days; from a mean of 8. 38 on the first day to 5. 59 
on the last (F=3-517, df=5/140, p L .01). The means for Average 
Duration of a Head-dip showed an overall decline across Days 
(F=4.638, df=5/140, p L .001), but the drop was not steady. 
Examination of the means presented in Table 2 shows that the 
decrease was entirely due to a sharp drop from .90 sec. on Day 1 
to .64 sec. on Day 2. Afterward, the means remained relatively 
constant across Days; the range over the last five days was only 
.07 seconds. 
One significant interaction occurred: a Day X Order effect 
. 
on Proportion of Alternation (F=4.453, df=5/140, p L .001). It 
is apparent from Figure 1 that this interaction is the result of 
the extremely high mean score of the Maze-first rats on Day 2. 
As can be seen from Figure 1, the differences between the scores 
of the two groups diminished in absolute value from Day 2 on. 
Post hoc analyses of variance confirmed that the -difference in 
alternation scores between the Maze-first and Box-first groups 
4 
was not significant on any day other t.han Day 2. 
Of peripheral interest in the present study was the alter-
14 
nation scores themselves. Over the six days of testing, each of 
C 
the 32 subjects were given 30 opportunities to alternate~ The 
six-day proportion of alternation for each subject was computed 
by dividing the count of alternations by 30. The mean of the · 
resulting 32 proportions was .615. This overall mean proportion 
of alternation was found to be well beyond the chance expectation 
of .5 (t=4.6o, df=31, p ~ .001, two-tailed). 
Discussion 
The principal prediction of the present experiment was that 
an effect of Circadian Arousal would be demonstrated in the alter-
nation behavior of the subjects, since such an effect had already 
been found in exploratory behavior by File & Day (1972). This 
prediction was based on the idea that alternation is a form of 
exploration. The present results, while replicating the effect 
of circadian arousal on Number of Head-dips found by File & Day 
(1972), did not confirm the prediction of a similar effect on 
alternation. It is interesting to note that while Circadian 
Arousal had a statistically significant effect only on Number of 
Head-dips, the differences in the mean scores of the LCA and HCA 
groups were in the predicted direction for all measures taken in 
the present study, including Proportion of Alternation (see Table 2). 
This suggests that another experiment, using more animals and 
omitting the exploration box trials, might uncover significant 
15 
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circadian arousal effects on alternation. The use of more sub-
jects will increase the statistical power of the experiment, and 
the omission of the box trials will eliminate many sources of 
"noise" that necessarily occurred in the present experiment. 
The exploration trials are no longer needed, since the present 
results, along with those of File & Day (1972), adequately estab-
lish the effect of circadian arousal on exploration box behavior. 
The Days effect found in all three measures of box explora-
tion did not appear in the alternation measure. This result is 
contrary to the prediction that any effect of repeated testing 
would appear in all measures, and in the same direction. An 
obvious explanation of the decrease in box exploration is based 
on the concept of habituation. Habituation may be defined as a 
decrement in a response that occurs when the response is repeated-
ly elicited in the absence of reinforcement (Denny & Ratner, 1970, 
ch. 10). It differs from fatigue in that the decrement is still 
present when sufficient time is allowed to dissipate any fatigue 
effects. In the present study, the rats were put into the same 
box day after day. The floor-holes remained the same. The head-
dipping of the animals was not reinforced by a maintained or in-
creasing novelty of the holes, so the decrement in the response 
occurred. The absence of a similar effect in Proportion of 
Alternation might be due to procedural differences between a 
box trial and a maze trial. It is possible that the animals may 
16 
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habituate more slowly to the maze situation because of the extra 
stimulation introduced by the repeated between-trial handling, 
the lowering of the maze doors, and the activity of the experi-
menter in recording the choices. The maze situation can be re-
garded as much more likely to maintain or to increase novelty by 
action of these extra sources of stimulation. This interpretation 
is supported by Denny & Ratner (1970), who cite several studies 
that nhave found that interml.tt'ent concurrent stimulation in-
creases responses to the habituated stimulus and leads to loss 
of habituation (dishabituation) as compared to control conditions 
where such stimuli are not presented.rr (p. 524). If such stimu-
lation can reverse habituation, it is reasonable to assume that 
it can retard or prevent habituation. 
The interaction between Day and Order in the Proportion of 
Alternation scores is particularly puzzling, since the aberrently 
high mean score attained by the 16 Maze-first rats on Day 2 
seems to account for the entire effect (see Figure 1). Because 
extensive attempts to explain the Day X Order effect in terms of 
optimum levels of habituation ended in insoluble contradictions; 
and because of the lack of plausible alternatives, no conclusion 
regarding this interaction is offered. In spite of the low 
probability that the obtained result could have happened by 
chance, a replication of the interaction seems warranted before 
any further explanations are attempted. 
17 
The alternation data collected in the present experiment 
indicates that significant alternation rates are exhibited by 
non-deprived rats in a T-maze that contains no food or water. 
This result agrees with Rosen & Stein (1969) and Douglas (1966), 
who also found significant rates of alternation in non-deprived 
rats running in empty mazes. The present study found, however, 
that non-deprived rats running in empty mazes produced procedural 
difficulties unreported in previous studies. For example, some 
subjects had to be prodded into leaving the start box; others 
learned to back up into the choice point (the only location from 
which they could not easily be removed) after making a choice. ~ 
These observations convinced the present investigator that the 
handling involved in removing the animals from the maze acted as 
a negative reinforcer which strengthened start-box sitting and 
choice-point sitting behavior. This is in spite of the fact that 
• 
all handling was done as gently as possible; and that all subjects 
were handled daily for 10 days prior to the beginning of the trials. 
It is therefore suggested that in alternation experiments 
using non-deprived rats in empty mazes, the intertrial handling 
~ probably has a considerable effect on the behavior of the animal. 
Methods should_be devised to eliminate between-trial handling of 
the subject under these conditions. Failure to do so may serious-
ly interfere with the detection of the effects of interest. 
18 
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S11mmary and Conclusions 
In an attempt to demonstrate a further parallel between 
T-maze alternation and exploratory behavior in rats., 32 male 
albinos were given six.maze trials and 3 min. of exploration box 
0 
exposure on each of six consecutive days. Half the subjects were 
run during high circadian arousal (HCA), and half were run during 
low circadian arousal (LCA). Within each group, half were expos-
ed to the box before the maze., and the remainder was run in the 
reverse order. 
It was found that t·he HCA animals explored significantly 
more than the LCA rats, thus replicating a similar finding of 
File & Day (1972). The prediction that the HCA group would also 
alternate significantly more than the LCA group was not supported., 
but the differences in the group means for alternation were in the 
predicted direction. It was suggested that a similar experiment 
using more subjects and omitting the exploration trials might 
uncover a significant circadian arousal effect on alternation. 
Thus., the results of the present study, while not providing 
particularly strong support for the notion that alternation is 
exploration, certainly do not conflict with that interpretation. 
More studies aimed at demonstrating the parallel between alter-
nati.on and exploration are justified, because they will lead to the 
application of exploration theory and data to alternation questions 
left unanswered by traditional 8-R learning theory. 
19 
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Table 1 
F Ratios for Hartley's Test for Homogeneity of Variance max 
,, Variable 
Scale Proportion of Number of Number of Avg. Duration 
Alternation Head-dips Diff. Holes of a Head-dip 
-
Day-Group-Order Cells 
X 13.0 18.9 29-7* 50.2* V x+.5 48.0* 13.5 20.1 40.0* ln(X+l) 31. 5* 14.2 19.4 30-5* 2sin-1VX 27.1* -
-
-
ID 
Group-Order Cells 
X 2.0 3·7* 3.9* 2.7 v x+.5 2.4 2.5 2.6 2.4 lr1(X+l y 2.6 2.4 2.6 2.4 2sin-hfx 2.0 
-
-
-
Note.- There were 24 Day-Group-Order cells, each with 7 df. 
Since the critical value tables in Pearson & Hartley (1954) did 
not give values for more than a 12-cell design, the critical value 
of 27 at a=.01 was considered a conservative criterion. There were four Group-Order cells, each with 47 df. The table gave critical 
values for four cells with 30 df and 60 df, so linear interpolation 
was used to get a critical value of 2.7 for 47 df at a=.01. In 
these tests, when Fmax exceeds the critical value, rejection of the hypothesis that the variances are homogeneous is indicated. 
*p - • 01 
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Table 2 
Means of Raw and Transformed Data 
. 
Dependent Variable 
Level of 
Independent Number of Number of Avg. Duration Proportion of 
Variable l Head-dips Diff. Holes of Head-dip Alternation 
Raw Trans Raw Trans Raw Trans Raw 
LCA 7.22 1.87 6.14 1. 73 .67 .50 .58 
HCA 9.40 2.19 7.85 2.03 .76 .55 . 65 
Box First 7.59 1.94 6.38 1.78 .74 .54 . 6o 
Maze First 9.02 2.12 7.61 1.98 .68 .51 .64 
' . 
Day 1 9.97 2.29 8. 38 2.13 .90 . 63 . 56 
Day 2 9.47 2.12 8.16 1.97 .64 .48 .69 
Day 3 8.50 2.06 6.94 1.89 .67 .50 .60 
Day 4 8.13 1.99 6.84 1.85 .67 .50 .62 
1.89 6.06 1.74 .,. .63 Day 5 7.22 .71 .51 
Day 6 6. 56 1.82 5.59 1.68 .69 .52 .60 
~ -,~,:~.~ 
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Table 3 
Analyses of Variance 
Source ... Sum of Squares D.F. M.S. 
Proportion of· Alternation 
Group . 2'(00 1 .2700 
Order 
.0675 1 .0675 
Group X Order .4408 1 .4408 
Subject 2.9950 28 .1070 
bay 
.3317 5 .0663 
Day X Group .2000 5 .o4oo 
Day X Order .7325 5 ~1465 Day X Group X Order .1542 5 .0308 
Day X Subject 4.5150 140 .0322 
Logarithm of Number of Head-di·ps Group 
Order 
Group X Order 
Subject 
Da;/ 
Day X Group 
Day X Order 
Day X Group X Order 
Day X Subject 
5.03d3 
1.5063 
4.2823 
32.5250 
4.5368 
.5072 
.9965 
.4264 
35.3072 
1 5.03d3 
1 1.5063 
1 
28 
5 
5 
5 
5 
140 
4.2823 
1.1616 
.9074 
.1014 
.1993 
.0853 
.2522 
F 
2.5234 
.6308 
4.1196 
2.0568 
1.2403 
4. 5426**** 
.9561 
4.3374* 
1.2967 
3.6866 
3. 5978*** 
.4023 
.7903 
.3382 
Lo arithm of Number of Different Holes Group 
Order 
Group X Order 
Subject 
Day 
Day X Group 
Day X Order 
Day X Group X Order 
Day X Subject 
4.2518 
1.9709 
4.8247 
33.6441 
4.1502 
.6419 
1.0547 
.3702 
33.0387 
1 .251 
1 1.9709 
1 4.8247 
28 1.2016 
5 .8300 
5 .1284 
5 .2109 
5 .0740 
140 .2360 
3.53 
1.6402 
4.0152 
3-5173** 
.5440 
.8938 
.3138 
L ogari 0 "tbm f A verage D t· ura ion o a ea - lP f H d d. Group 
Order 
Group X Order 
Subject 
Day 
Day X Group 
Day x· Order 
Day X Group X Order 
Day X Subject 
*p ~ .05 **:p ~ .01 
.1068 
.0488 
.1321 
1.7559· 
.4434 
.1724 
.0481 
.0423 
2.6764 
***P ~ .005 
23 
1 .1068 1.7033 
1 .0488 
.7783 
1 .1321 2 .1069 
28 .0627 
5 .0887 4.6383**** 
5 .0345 1.8038 
5 .0096 .5027 
5 .0085 .4425 
140 .0191 
****P ~ .001 
• 
.•. 
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